Abstract Aim: Anti-inflammatory mediators likely play a key role in maintaining thermal homeostasis and providing protection against heat stress. The aim of this study was to investigate the association between activation of the glucocorticoid receptor (GR) and resistance to heat-induced hyperthermia and injury. Methods: Effects of heat exposure on core body temperature, muscle GR phosphorylation status and subcellular expression were examined in control mice and thermal acclimation (TA)-exposed mice. In addition, effects of TA and corticosterone on C2C12 mouse myoblast viability and subcellular GR were assessed during heat exposure. Results: Phosphorylated, nuclear and mitochondrial GR levels were significantly higher in the gastrocnemius muscles of mice with mild hyperthermia (tolerant), compared to mice with severe hyperthermia (intolerant) during a heat exposure test. Similar changes were found in mice after TA, compared to non-TAexposed controls. Additional groups of TA and non-TA-exposed mice underwent a heat exposure test. TA mice presented a significantly lower hyperthermic response during heat exposure than non-TA-exposed control. C2C12 cells exposed to TA incubation had higher viability against heat shock and showed higher GR levels in their mitochondria and nuclei detected by Western blot analysis and fluorescence microscopy, compared to cells exposed to normal incubation. Furthermore, pre-incubation with 0.1 lM corticosterone increased C2C12 cell viability during heat exposure and mitochondrial and nuclear GR expression.
may help with developing strategies to reduce the risk of heat-related illnesses.
Inflammation is believed to mediate heat-induced hyperthermia. 7, 8 Skeletal muscle, which accounts for approximately 40%-50% of the body mass in mammals, can release inflammatory cytokines under stress conditions, including exercise 9 and passive heat exposure. 10 Heat stress-induced inflammatory response in skeletal muscles is counterbalanced by complex anti-inflammatory mechanisms. It has been shown that heat-shock protein 72 (HSP72) and interleukin (IL) 6 mRNA levels are increased proportionally in muscle cells exposed to heat. 10 We also reported that mice with severe heat-induced hyperthermia are associated with increased mRNA and protein expression of HSP72 and heat shock transcription factor 1 (HSF1) in their skeletal muscles. 3, 11 In addition to the HSP-HSF1 system, stress can cause release of glucocorticoids (GCs) that exert their anti-inflammatory effects in target tissues through their interaction with an intracellular glucocorticoid receptor (GR). 12 Plasma levels of corticosterone, the main glucocorticoid involved in regulation of stress responses in rodents, have been reportedly different between rats with and without severe hyperthermia during heat exposure. 2 Our previous work has shown that acute heat exposure affects tissue GR expression in mice with a severe hyperthermic response, but not in mice with a mild hyperthermic response. 3 These results suggest that glucocorticoids (GCs)-GR signalling is involved in response to heat stress. Glucocorticoid receptor is coded by a single gene and contains 2 isoforms, GRa and GRb. GRa is the active form, while GRb has limited tissue distribution and resides in the nucleus as an inhibitor of GRa. 12, 13 GR isoforms are expressed in nearly all tissue types, including skeletal muscle. In addition to GR expression, GR signalling is influenced by various transcriptional and post-translational factors. 14 One of the important post-translational modifications of GR involves phosphorylation, which promotes subcellular translocation and activation of GR. GR phosphorylation status and subcellular distribution have been shown to influence the function and survival of brain cells under stress conditions [15] [16] [17] [18] but have not yet been examined in response to heat stress. In this study, we investigated whether GR activation was associated with resistance to heat-induced hyperthermia in vivo and cell injury in vitro. In addition, effects of TA on GR were examined in vivo and in vitro. We found that mice with mild, but not severe, hyperthermia exhibited increased GR phosphorylation and subcellular localization in their skeletal muscles. Similar GR activation was observed in TA mice. These findings add to our understanding of the involvement of skeletal muscle GR in response to heat stress and TA.
| RESULTS
We first examined whether heat stress caused activation of GR in mouse skeletal muscles. We selected 2 groups of mice, heat tolerant (TOL) and heat intolerant (INT), that showed relatively mild and high peak Tc during heat exposure respectively (Table 1) . The total GR levels in the gastrocnemius muscles of TOL or INT mice revealed no significant changes following heat exposure when compared to age-and gender-matched mice not exposed to heat (Figure 1 ). But heat exposure affected GR phosphorylation at S211 in the mouse gastrocnemius muscles. TOL mice showed increased levels of phosphorylation at S211 immediately following heat exposure ( Figure 1A ), while INT mice had decreased levels of phosphorylation at S211 24 hours after heat exposure ( Figure 1B) . Plasma corticosterone levels were significantly elevated in both TOL and INT mice immediately after heat exposure, compared to non-heat-exposed mice We wondered whether subcellular levels of GR in mouse skeletal muscles were affected immediately following heat exposure when there was an increased level of phosphorylation at S211 ( Figure 1A ). Our examination of the subcellular GR distribution revealed that the cytosolic levels of GR were significantly lower in the gastrocnemius muscles of both TOL and INT mice compared to mice not exposed to heat (Figure 2 ). Both the mitochondrial and nuclear GR levels were significantly elevated in TOL mice, but not in INT mice.
We further investigated effects of TA on the phosphorylation and subcellular distribution of GR in mouse skeletal muscles. Following TA, mice had a significantly lower peak Tc value during heat exposure, compared to that before TA (Figure 3 ). No differences in peak Tc between 2 heat tests were found in control mice. No significant differences in plasma corticosterone were found between TA and control mice (TA: 17.3 AE 9.6 vs control: 10.7 AE 2.6 ng mL À1 , P > .05). Our results showed that Values are expressed as mean AE SD, n = 6 per group.
the levels of phosphorylation at S211 were significantly higher in the gastrocnemius muscles of TA mice compared to the control ( Figure 4 ). In addition, both the mitochondrial and nuclear GR levels were significantly increased in TA mice ( Figure 5 ). Similar changes were found in C2C12 mouse skeletal myoblasts following TA incubation, compared to control cells ( Figure 6 ). We have previously shown that TA incubation significantly increases C2C12 cell viability during heat exposure. 5 To further verify the effects of TA on subcellular GR, we used fluorescence microscopy to investigate the nuclear and mitochondrial localization of GR in C2C12 mouse skeletal myoblasts following normal or TA incubations. Image analysis revealed that there was an increased mitochondrial and nuclear localization of GR in TA cells, compared to control cells ( Figure 7 ). Moreover, we conducted a corticosterone experiment to test direct activation of GR on cell viability against heat stress and subcellular GR in C2C12 myoblasts. C2C12 cells pretreated with 0.1 lmol L À1 corticosterone showed significantly increased viability during heat exposure compared to vehicle-pretreated cells ( Figure 8A ). In addition, treatment with corticosterone significantly reduced F I G U R E 1 Western blots and quantification of total glucocorticoid receptor and GR S211 in the gastrocnemius muscles of tolerant (A) and INT (B) mice immediately and 24 h after heat exposure. Non-heat group was not exposed to heat. ‡ P < .001 vs non-heat group, n = 6 per group F I G U R E 2 Western blot analysis and quantification of glucocorticoid receptor in cytosolic (Cyto), mitochondrial (Mito) and nuclear (Nuc) fractions of mouse gastrocnemius muscles immediately after heat exposure. Non-heat group was not exposed to heat. † P < .01 vs non-heat group by one-way ANOVA with the post hoc Tukey test, n = 6 per group F I G U R E 3 Peak Tc values of mice during heat exposure before and after control and thermal acclimation (TA) protocols. Each mouse underwent 2 separate heat exposure tests. After the first test (before), TA mice were exposed to 33°C in an environmental chamber for 3 h daily for consecutive 10 d, while control mice were maintained at 21°C at all times. Subsequently, the second heat exposure test (after) was conducted in control and TA mice. † P < .01 vs before, n = 6 per group cytosolic but increased mitochondrial and nuclear expression of GR in C2C12 cells ( Figure 8B ).
There are 3 major serine phosphorylation sites within the N-terminal region of GR: S211, S226 and S203 using the human numbering scheme. 19 To determine whether acute heat stress or TA had a general effect of phosphorylation, we examined levels of phosphorylation at S226 in the mouse gastrocnemius muscles. No significant differences were found between TOL and INT mice immediately after heat exposure ( Figure 9A ) or between control and TA mice ( Figure 9B ).
| DISCUSSION
The results we report here show for the first time that GR phosphorylation status and subcellular localization change with the potential ability to survive heat stress. We demonstrated that TOL and TA mice have a reduced hyperthermic response to heat exposure and showed increased GR phosphorylation and mitochondrial and nuclear GR levels in the skeletal muscle compared to their counterparts, INT and control mice. Similar GR changes were found in mouse skeletal myoblasts treated with TA or corticosterone that caused increased resistance to heat-induced injury.
The mechanisms regulating heat resistance remain poorly understood. Rapid development of thermoregulatory dysfunction or hyperthermia during heat exposure is an indicator of heat intolerance or increased susceptibility to heat injury. 1 Heat-induced hyperthermia is likely mediated through an inflammatory pathway similar to the infectioninduced febrile response 7 but involves endogenous pyrogens. 20 Anti-inflammation by the heat shock and GR signal pathways is a key process in restoring cellular homeostasis and preventing cell injury under heat stress conditions. 21, 22 GR and HSF1 are normally complexed with HSPs and are released (activated) from the complex upon stress insults. 23, 24 Released HSF1 transcriptionally activates synthesis of HSPs that protect the organism from a variety of insults through their chaperone functions and anti-inflammatory mechanisms. On the other hand, released GR is known to transcriptionally upregulate anti-inflammatory cytokines and suppress pro-inflammatory cytokines. It has been shown that both GR and HSPs are significantly elevated in the leucocytes of patients with severe sepsis. 25, 26 The involvement of GR in response to heat hyperthermia (non-infection fever) remains poorly understood. Heat exposure has been shown to cause different responses of the hypothalamic-pituitary-adrenal axis in TOL and INT (heat-exhausted) rats. 2 We previously showed that F I G U R E 4 Western blots and quantification of total glucocorticoid receptor and GR S211 in the gastrocnemius muscles of control and thermal acclimation (TA) mice. TA mice were exposed to 33°C for 3 h/d for consecutive 10 d, while control mice were maintained in housing units all the time. ‡ P < .001 vs control, n = 6 per group F I G U R E 5 Western blots and quantification of glucocorticoid receptor in cytosolic (Cyto), mitochondrial (Mito) and nuclear (Nuc) fractions from the gastrocnemius muscles of control and thermal acclimation (TA) mice. TA mice were exposed 33°C for 3 h/d for consecutive 10 d, while control mice were maintained in housing units all the time. † P < .01 vs control, n = 6 per group expression of total GR was reduced in the tissues of INT mice, but not in TOL mice, 1 day after heat exposure. 3 In this study, we extended our previous work by comparing activation of GR between different levels of pre-existing (TOL vs INT) and acquired (control vs TA) heat tolerance.
Expression of GR is subject to regulation by a GCsdependent negative feedback loop. 13 Effects of heat stress and TA on circulating GCs have been inconsistent. It has been reported that TOL rats have higher plasma corticosterone concentrations immediately after heat exposure compared to INT rats. 2 Rats after 8 weeks of continuous housing at 34°C have been shown to have that lower plasma corticosterone levels compared to rats kept at 21°C. 27 GR expression has not been examined in these studies, but our results revealed no significant differences in plasma corticosterone between TOL and INT mice immediately or 24 hours after heat exposure, nor between TA and control mice. Taken together, these results showed no differences in circulating glucocorticoid level or in cytosolic GR expression between TOL and INT mice and between TA and control mice. In the present study, TOL and TA mice showed lower peak Tc during heat exposure and higher GR phosphorylation and subcellular imports in skeletal muscles, compared to INT and control mice. The role of activated GR in skeletal muscles in preventing heat-induced hyperthermia remains unclear. Skeletal muscle is a key organ in thermogenesis through both shivering and non-shivering mechanisms as the first line of defence to acute cold exposure. 28 However, little information is available on thermogenesis by major organs, including skeletal muscle, during heat exposure. Skeletal muscle can act as an endocrine organ upon stress, producing significant amounts of inflammatory cytokines, 9 the mediators of heat-induced hyperthermia. 7, 8 One potential mechanism by which activation of GR may reduce heat-induced hyperthermic response is GR-mediated anti-inflammatory action. Pretreatment with GCs has been shown to induce a "thermotolerant" state in culture cells against lethal heat shock. 29, 30 GR activation can induce the synthesis of various anti-inflammatory proteins, including lipocortin-1, serum leucoprotease inhibitor, IL-1 receptor antagonist, IL-10, neural endopeptidase and mitogen-activated protein kinase phosphatase-1. 23 However, the involvement of GR and cytokines in a febrile reaction remains far from clear. Total GR content in white blood cells is reportedly correlated positively with both blood pro-and anti-inflammatory ILs in patients with severe sepsis (exogenous pyrogen-induced fever). 25 Heat shockinduced febrile reaction primarily involves endogenous pyrogens. We have previously shown that heat exposure increases plasma pro-inflammatory and oxidative markers in mice with severe hyperthermia. 3 The present study assessed the association between GR activation at the organ-tissue level and hyperthermia in response heat exposure. Future research on heat-induced changes in muscle cytokines will help clarify the role of muscle GR activation in the regulation of hyperthermic response to heat. Glucocorticoid receptor is phosphorylated at multiple sites upon binding to GCs, and phosphorylation affects its activity, subcellular localization and turnover. 13, 31 In this study, phosphorylation of GR at ser211 (mouse GR ser220) was associated with increased GR mitochondrial and nuclear localization in mouse skeletal muscles. We also found no significant differences between TOL and INT mice or between control and TA mice in muscle GR phosphorylation at ser226. The literature seems to suggest that GR phosphorylation sites affect its subcellular trafficking. It has been shown that ser211 phosphorylation 31, 32 promotes GR nuclear localization, whereas phosphorylation of ser226 13, 32 or ser203 31 prevents it. Our results are consistent with previous findings suggesting an association between GR phosphorylation at ser211 and GR subcellular trafficking. Interestingly, GR phosphorylation and nuclear localization are key mechanisms that modulate sensitivity and resistance to GCs. 12, 13 GCs-GR signalling pathways in skeletal muscles not only play a key role in the physiological processes of protein and glucose metabolism 33, 34 but also are responsible for effectiveness of treatment with GCs under pathophysiological conditions. 12 This study demonstrated that TA altered GR phosphorylation and mitochondrial and nuclear localization in mouse skeletal muscles. Whether TA leads to changes in sensitivity to GCs remains unknown. In addition to GR phosphorylation and nuclear localization, stress-induced GCs-GR signalling is also modulated by GR mitochondrial translocation, which is sensitive to different concentrations of GCs. GCs-induced GR translocation to mitochondria has been shown to affect susceptibility of brain cells to apoptosis. 15, 17 In response to GCs, GR can form a complex with the antiapoptotic protein Bcl-2, translocate with Bcl-2 into mitochondria and provide protection against apoptosis. This effect can become biphasic, depending on the dose and duration of GCs. Low-dose, short-duration glucocorticoid exposure increases GR and Bcl-2 levels in mitochondria; however, high-dose, long-duration glucocorticoid exposure yields decreases. 15 Moreover, these opposing effects seem to be cell-type specific, although their precise mechanisms remain unclear. For example, GR can induce apoptosis in immune, multiple myeloma and brain cells, 17, [35] [36] [37] but it inhibits apoptosis in other cell types such as hepatocytes and endothelial and epithelial cells. [37] [38] [39] In the present study, we demonstrated that mice with increased heat tolerance exhibited increased mitochondrial GR in skeletal muscle. We also found that pretreatment with 0.1 lmol L À1 corticosterone increased mitochondrial and nuclear expression of GR and cell viability against heat in C2C12 myoblasts. But at a higher concentration (1 lmol L À1 ), corticosterone indeed caused a reduced survival rate of the cells during heat exposure (data not shown). These results suggest that mitochondrial and/or nuclear GR is likely involved in the mechanisms underlying the resistance to heat stress. It is worth noting that the association of GR signalling with clinical severity in patients with acute high-temperature stress seems far from clear. Vardas et al 25 reported that endogenous cortisol rapidly increases along with circulating ACTH, prolactin, and HSP72 and HSP90a in patients with severe sepsis or systemic inflammatory response syndrome. Circulating prolactin and HSP72 were related to the severity of illness, while cortisol was correlated with circulating HSP90a, a signalling mediator in immune regulation. The high levels of cortisol also suggest no benefits from additional exogenous steroids in this early-onset inflammatory process. Together, infection-induced acute fever involves more complex mechanisms than passive heat exposureinduced hyperthermia. One limitation of the present study is that we were unable to examine the baseline GR levels in the skeletal muscles of TOL and INT mice before heat exposure. Thus, no direct evidence was provided to determine whether the differences in muscle GR phosphorylation at S211 and subcellular distribution between TOL and INT mice following heat exposure were due to a heat stress effect or pre-existing condition. For comparison, we measured the muscle GR levels in non-heat-exposed mice and muscle GR phosphorylation at S211 in TOL and INT mice immediately and 24 hours following heat exposure. The fact that the levels of muscle GR phosphorylation at S211 in TOL and INT mice were similar to that in non-heat-exposed mice immediately following heat exposure but increased only in TOL mice 24 hours thereafter (Figure 1 ) suggests that the difference in muscle GR phosphorylation at S211 between TOL and INT mice was due to a heat effect. However, we cannot rule that increased nuclear and mitochondrial GR levels in the skeletal muscles of TOL mice observed immediately after heat exposure were due to a pre-existing condition.
Another limitation is that we were unable to determine whether GR phosphorylation at S211 or nuclear/mitochondrial translocation in skeletal muscle was more important for resistance to heat stress. It is difficult to experimentally assess their individual roles in the regulation of heat stress because potential involvement of other factors may complicate data interpretation. For example, GR phosphorylation may affect its subcellular shuttling 40 and heat-induced changes in GR phosphorylation is likely accompanied by alterations of other mediators such HSPs and cytokines. 3, 10, 24 Nevertheless, in this study, both TA and TOL mice had a reduced hyperthermic response to heat exposure. TA mice showed higher basal levels of both GR phosphorylation at S211 and translocation to nuclei and mitochondria in their skeletal muscles, compared to control mice, whereas TOL mice had only higher GR nuclear/mitochondrial concentrations in their skeletal muscles immediately after heat exposure as compared to INT mice. These results seem to suggest association between nuclear/mitochondrial GR in skeletal muscle and resistance to heat stress. The clinical significance of the changes in the activation status of muscle GR in mice exposed to acute heat stress or TA remains unclear. We showed that both TOL and INT mice had lower levels of cytosolic GR in the gastrocnemius muscles compared to mice not exposed to heat (Figure 2 ). But TOL mice showed higher mitochondrial and nuclear GR contents and lower heat-induced hyperthermia compared to INT mice. Additionally, we found that TA caused GR phosphorylation and mitochondrial and nuclear localization in mouse skeletal muscles and reduced heat hyperthermia in mice. Although these findings suggest that muscle GR activation is a potential biomarker of resistance to acute heat stress, they may not have direct implications for clinical conditions such as acute hightemperature stress in patients with severe sepsis. We acknowledge an unbridgeable gap between the results from animal and human studies in acute heat stress research. One notable example is the difference between animal and human studies regarding the protective effects of intracellular HSP72 against acute stress. Experimental studies have consistently shown a strong molecular, biological and clinical protective effect for HSP72 in sepsis, but clinical studies are inconclusive, varying from a protective in vitro effect to an in vivo HSP72-mortality association. 26 In conclusion, this study characterizes for the first time the association between GR activation and the resistance to heat-induced hyperthermia. Increased GR phosphorylation and mitochondrial and nuclear localization may provide beneficial effects against heat stress and injury. In particular, it is interesting that TA reduces hyperthermic response to heat and activates muscle GR. Whether TA can be useful in countering febrile response or glucocorticoid resistance in diverse clinical conditions is an area that warrants further investigation.
| MATERIALS AND METHODS

| Animals
Male C57BL/6J mice were purchased from Jackson Laboratories (Bar Harbor, ME, USA) and maintained in a temperature-controlled (21°C) animal facility at the Uniformed Services University (USU), with 12-hour light/dark cycle and ad libitum food and water. The mice were 12-16 weeks old and weighed 23-29 g, when tests were performed. All procedures were approved by the USU Institutional Animal Care and Use Committee.
| Acute heat stress
Mice were surgically implanted with a temperature transponder (Model G2 E-Mitter; Mini Mitter Corp, Bend, OR, USA) under anaesthesia followed by 2 weeks of recovery. The heat exposure protocol has been described in detail previously. 3, 11 Mice were placed in an environmental chamber (Model 3950; Thermo Forma, Marietta, OH, USA) at~21°C for overnight acclamation, and heat exposure began the following morning. Food and water were removed from cages during the experiment. Heat exposure lasted for 3 hours, including~1 hour of heating the chamber to a predetermined temperature (39.5°C). An early termination criterion was set at core body temperature (Tc) of 42.4°C. Upon completion, the chamber door was immediately opened and fresh air was supplied through an external fan. The chamber temperature then dropped to below 25°C within~15 minutes. Tissue samples were collected under anaesthesia either immediately (40-60 minutes) or 24 hours after experiments. We have previously reported individual differences in peak Tc of mice in response to heat exposure. 3, 11 Specifically, acute heat exposure may cause mild, moderate or severe hyperthermic response in mice. In this study, the mice with mild or severe hyperthermia were selected and assigned to TOL and INT groups respectively.
| Thermal acclimation
The protocol was described in our previous work. 5 Briefly, mice were placed in a ventilated chamber at 33°C for 3 hours per day (8-11 AM) for 10 consecutive days. Control mice were maintained in their housing units (21°C) for the entire time. Tissue samples were subsequently collected under anaesthesia. Two additional groups of mice were used to compare effects of TA on Tc in response to heat exposure. These mice underwent the above heat exposure test twice, before and after the control or TA protocols respectively.
| Cell culture experiments
The cell line C2C12 of mouse skeletal myoblast was purchased from ATCC, Manassas, VA, USA (ATCC â CRL-
TM
) and maintained at 37°C in DMEM containing 10% foetal bovine serum, 100-units mL À1 penicillin and 100-lg mL À1 streptomycin. We conducted 2 experiments to test effects of TA and corticosterone on subcellular GR respectively. Thermal acclimation was achieved by placing cells in an incubator preset at 39.5°C for 3 hours per day for 3 days, while control cells were maintained at 37°C at all times. 5 Corticosterone (Sigma-Aldrich, St. Louis, MO, USA) was first dissolved in DMSO and then diluted in cell culture medium (final concentration: 100 lmol L À1 containing 0.1% DMSO). Cells were pre-incubated in the medium containing corticosterone or vehicle for 30 minutes before being transferred to an incubator preset at 43°C to test viability against heat stress. Non-viable cells were identified using Trypan blue exclusion and quantified using a Bio-Rad TC10 automated cell counter (Bio-Rad, Hercules, CA, USA).
| Subcellular fractionation and Western blot analysis
Mouse gastrocnemius muscles and C2C12 cells were processed as described previously. 5, 11 Protein extracts from tissues or cells were obtained with a subcellular protein fractionation kit (Thermo Fisher Scientific, Waltham, MA, USA) per manufacturer's instructions. Briefly, the cells or tissues were permeabilized and then incubated with different extraction buffers to obtain soluble cytoplasmic, mitochondrial and nuclear fractions. Protein levels were quantified using a Western blotting technique following a protocol published previously. 5 Approximately 10 lg protein extracts was loaded and separated by SDS-PAGE. The primary antibodies used (at 1:1000 dilution) included rabbit anti-GR from Abcam (Cambridge, MA, USA); rabbit anti-Phospho-GR (ser211), rabbit anti-Histone H3 and rabbit anti-VDAC from Cell Signaling Technology (Danvers, MA, USA); rabbit anti-Phospho-GR (ser226) from Sigma-Aldrich; and mouse anti-actin from Santa Cruz Biotechnology (Dallas, TX, USA). The secondary antibodies used included anti-rabbit horseradish peroxidase from Abcam and anti-mouse horseradish peroxidase from Thermo Fisher Scientific.
| Immunofluorescence and fluorescence microscopy
Cells were fixed with 4% paraformaldehyde and permeabilized with 0.1% Triton X-100. Staining of GR was performed by incubating cells with rabbit polyclonal antibody to GR (Santa Cruz) followed by Alexa 488-conjugated antibodies (Invitrogen, Carlsbad, CA, USA). In addition, cells were stained with MitoTracker Green FM (Thermo Fisher Scientific) and DAPI. Fluorescence images were viewed and acquired with a Nikon Instruments Eclipse Ti-S Inverted epifluorescence microscope system. Excitation/emission wavelengths were 358/461 nm for DAPI, 480/535 nm for MitoTracker Green FM and 555/613 nm for GR-Alexa 488. Multiple singlechannel images were merged, and colocalization of fluorophores was evaluated with a Nikon NIS-Elements Advanced Research software (Nikon Instruments Inc., Melville, NY, USA).
| Statistics
All statistical analysis was performed using GraphPad Prism 7.0 (GraphPad Software, Inc., La Jolla, CA, USA). Data are presented as mean AE SD. A t test or one-way ANOVA with the post hoc Tukey test was used to determine statistical differences between groups. The results were considered statistically significant at P ≤ .05.
